Advantages of freezing of dough are reduction of losses caused by aging of products. But freezing deteriorates the baking quality of frozen bread dough. These include gradual loss of the dough strength, reduced yeast activity and deterioration in the texture of the final product. The negative effects of freezing and defrosting of dough can be reduced by incorporating hydrocolloids in dough. Furthermore Biogenic ice nucleators, such as extracellular ice nucleators (ECINs) isolated from Erwinia herbicola, are a group of lipoglyco proteinsthat has been demonstrated to minimize the supercooling. Ice nucleation materials function as heterogeneous ice nucleators to minimize the supercooling of water. Mechanism of cryoprotective effects from extracellular ice nucleators was possibly that ECINs helped in preserving the viability of yeast cellsduring freeze/thaw cycles. At the end of this study we reviewed the ultrasound-assisted freezing; this method can improve the quality of frozen food without the need for additional additives.
The bakery market is in constant evolution and must be able to adapt quickly. The bakery and pastry industry need flexibility and ability to produce many different products (Olivera and Salvadori, 2009; Meziani et al., 2011) . In addition, consumer's requests become more and more specific. For example, demands increase for freshly baked, healthy, ethnic and safe products. To this end, freezing allows manufacturers to develop products to face their requests more likely (Meziani et al., 2011) . Introduction of freezing technique to the bakery industry was revolutionary. For the manufacturer, freezing storage largely extends the shelf life of dough, which allows the industry to expand their sales from local to nationwide. For the consumer, frozen dough offers convenience in addition to warm bakery goods that have comparable qualities to freshly prepared ones. However, long term freezing storage is harmful to the qualities of frozen dough (Ribotta et al., 2001; Shi et al., 2013) .
Frozen dough baking technology has recently been used because it improves the labor conditions in the bakery industry and enables consumers to purchase fresh bread (Yu Sasano 2012) . The bakery industry has increasingly exploited the applications of freezing technology and there are numerous papers on the storage of frozen doughs and the influence of such processes on the quality of the final product. The growing interest of the market toward frozen bakery goods has been driven mainly by the economic advantage of a centralized manufacturing and distribution process as well as the standardization of product quality. These products do not demand specialized workers and raise the possibility making ''fresh'' bread available at any time of the day (Matuda et al., 2005; Vania and Weibiao, 2007) .
The main advantages of freezing of dough are reduction of losses caused by aging of products and harmonization of production with the market demands. However, the use of frozen dough can result in problems such as change of dough characteristics and stability loss during long-term storage in the frozen state (Inoueand Bushuk 1992; Dodic et al., 2007) . The stability loss is expressed by one or more of the following characteristics: the prolonged final fermentationtime, lower loaf volume, poor bread characteristics (shape of bread, Dallmann's number, uniform pores, crustcolor, crustshine, crust oilness, crumb, and crust elasticity), and quick loss of freshness (Dodic et al., 2007) .
The use frozen dough in the bakery industry permits the baker to reduce night work and reduce logistic constraints. In addition, using frozen dough facilitates the centralization of dough production and extends the distribution area. The frozen processes give a longer shelf life and preserve freshness; this parameter is greatly dependent on an adequate control of freezing rate and thawing (Angioloniet al., 2008; Meziani et al., 2011) . This is some reasons why frozen doughs are now well widespread in the bakery and pastry market. Frozen dough is obtained by adapting mechanized processes usually developed by international companies, which reduce production costs. Moreover, manufacturers can provide standard products at any time (Rosell and Gomez, 2007; Meziani et al., 2011) . The freezing rate of free water has a great influence on quality of final product. Large ice crystals are formed due to slow freezing of free water and cause damage of yeast cell membranes. Furthermore, due to altered distribution of non frozen liquid phase, the content of solutes increases in the non frozen medium, resulting in disruption of metabolism of surviving yeast cells and reduction of yeast activity during processing of frozen dough (Dodic et al., 2007) .
Frozen products are not indefinitely stable; they gradually deteriorate until they reach an unacceptable quality. This quality loss is reflected by reduction in dough volume and an increase in proofing time in comparison with dough prepared by using traditional methods. The shelf life of frozen dough is estimated for 8-9 weeks if the dough has not been abused during transportation and frozen storage(temperature, formulation, freezing, transportation) (Meziani et al., 2012) . However, the decrease of frozen dough volume is related to phenomena that occur during freezing and frozen storage: (I) reduced yeast fermentative capacity (ii) loss of the gluten network integrity. This behavior affects the dough machinability, creatinga problem in the industrial chain (reducing the dough shelf life), because the dough quality is reduced (resistance losses during proofing) . The resistance decrease leads to cracking of dough gluten network, the latter resulting in poor gas retention and loss of volume when baking. These phenomena are probably due to uneven water redistribution in dough matrix during freezing (Giannou and Tzia, 2007) . On the other hand, Gormley et al. (2002) presented that the temperature fluctuations during storage and transportation altered f r o z e n d o u g h q u a l i t y d u e t o t h e c r y s t a l i c e recrystallization. Indeed, the gassing power depends on the yeast cells number, strain, physiological state of yeast and fermentable sugars amount (Teunissen et al., 2002) .
The quality of the bakery product made from frozen dough is largely influenced by dough formulation as well as by processing parameters such as dough mixing time, freezing rate, frozen storage temperature, storage duration, and thawing rate. The freezing rate plays an important role in the final quality of frozen product, two opposite effects are observed. A high freezing rate allows the formation of ice microcrystals,which do not affect the integrity of the threedimensional gluten network. This remains the most important parameter which reduces physical damage (disturbance and dehydration of gluten network) induced by freezing, ultimately to the extent that the starch granules appear to be associated with the network gluten . Nonetheless, rapid freezing might fatally compromise the yeast activity. A compromise of freezing rate is needed to freeze the dough, slowly enough to maximize yeast activity but fastly enough to limit dough weakening. On other hand, during freezing the death yeast release reducing agents (glutathione) in dough have been which reduces disulfide cross the gluten network (Meziani et al., 2011) .
Different freezing treatments are currently used in bakery as freezing by contact, air blast and cryogenic methods. The key technologies of frozen bakery products depend on the time of the freezing step in manufacturing process: unfermented frozen doughs prefermented frozen doughs and baked or partially frozen products. The unfermented frozen dough allows baking on sale point (hotpoint) and does not require staff competences, provides fresh products, with excellent organoleptic and textural properties (Meziani et al., 2011) .
EFFET OF FREEZING ON YEAST SURVIVAL
In bread making, baker's yeast (mostly strains of Saccharomyces cerevisiae) is exposed to many bakingassociated stresses such asfreeze-thaw, air-drying, and high-sucrose concentrations (Yu Sasano et al., 2012) .However, freezing and the subsequent thawing treatments cause severe injury to yeast cells and lower the leavening ability. For this reason, baker's yeast strains that are tolerant to freezing stress are highly desirable. It is known that laboratory yeast cells induce trehalose synthesis under various stresses (Kaino et al., 2008) and that accumulated trehalose functions as a stress protectant (Shima et al., 1999) . Intracellular levels of trehalose arecontrolled by metabolic balance between its synthesis and degradation.The neutral trehalase Nth1 is one of the degradation enzymes. It was reported that the disruption of the NTH1 gene increased the intracellular trehalose level and conferred freeze tolerance on commercial baker's yeast (Yu Sasano et al., 2012) .
Freezing and frozen storage affect the viability and activity ofyeast cell. The volume of carbon dioxide produced has been usedas a measure of yeast activity, since it is primarily produced by yeast. Various studies reported the freezing effect on properties ofyeast which is a major concern in the frozen dough manufacturing (Meziani et al., 2012) . In frozen dough manufacturing, yeast survival and gasretention are major problems. Freezingand frozen storage of dough caused significant losses in thenumber of viable yeast cells, with about half of the originalcells being rendered unviable after 90 d frozen storage (Ribotta et al., 2003; Vania and Weibiao 2007 showed that the longer the frozen storage time at -40 C, the higher the decreased of frozensweet dough quality. The rheological attributes such as hardness, DS, springiness, tand and yeast activitydeclined significantly during frozen storage. This modification led to lower specific volume of frozen sweet dough during proofing.
The freezing damage to yeast was referred as the primary factor contributing to the quality loss. During freezing storage, yeast cells are injured, and consequently release glutathione which weakens the dough by cleaving disulphide bonds in the gluten (Fig 1) . Additionally, the longer proofing time and smaller bread volume were also due to the freezing-injured yeast cells losing their capability for gas production. Severe temperature fluctuation during the storage and transportation also leads to increase of ice crystal size and consequently aggravates the frozen damage to yeast (Rosell and Gomez, 2007; Shi et al., 2013) . Traditionally, to counteract the released reducing substances such as glutathione, oxidants like potassium bromate are added into yeastleavened frozen dough. However, the use of potassium bromate has been banned in many countries and alsodeclined in the U.S. in recent years due to the potential harm toconsumers . Alternatively, selection and isolation of freezetolerant yeast strains attract much scientificeffort (Shima et al., 2010; Shi et al., 2013) .
Proline is also known to act as a cryoprotectant in yeasts. In response to osmotic stress, proline is accumulated in many plant andbacterial cells as an osmoprotectant (Verbruggenet al., 2008; Yu Sasano et al., 2012) . Under various stresses,yeast cells induce glycerol or trehalose synthesis, but the intracellularproline level is not increased under various stress conditions (Yu Sasano et al., 2012) .
The gas-forming ability of yeast depends on the strain, the number of yeast cells, the cellactivity, and the amount of fermentable sugars. The 1%fermentable sugars in wheat flour are insufficient to support yeast growth and need to be enhanced by the additional sugars produced from starch by a-and bamylase action. The gassing power of yeast is also affected by frozen storage. In particular, it is affected by the freezing and thawing rate, frozen storage temperature and duration, and freeze-thaw cycles (Vania and Weibiao 2007) . However, frozen dough is often exposed to a decrease of specific volume. This phenomenon is responsible of an increase proofing time compared to fresh dough products during freezing and long frozen storage . Different causes have been given to explain this proofing delay. First, the viability and fermentative capacity of yeast could be deteriorate during freezing process. Indeed, yeast lysis occurs during freezing treatment and a loss of the gluten network integrity cause a lower capacity to retain carbon dioxide during proofing (Meziani et al., 2011) . Several authors investigated the individual effects of storage time or temperature on the bread dough properties. El-Hady et al. (1996) studied the yeast content influence on the structural properties of frozen sweet doughs during storage. 
EFFECTS OF FROZEN STORAGE ON DOUGH STRUCTURE
The damage to the dough structure caused by frozen storage can be illustrated through the use of low temperature scanning electron microscopy (SEM) (Zouniset al., 2002) . Dough can be likened to a foam in which gas bubbles are entrapped in the starch/gluten matrix. In the electron micrographs of frozen dough, these bubbles are shown as spherical voids. However, the presence of ice crystals formed during freezing, represented by angular voids in the micrographs, can disrupt the foam structure. Unfrozen dough examined immediately after mixing showed a very dense structure with few spherical void sand with the spherical starch granules firmly embedded in the gluten matrix, but no ice crystals (Vania and Weibiao 2007) .
Damaged starch causes a linear increase in the water absorption capacity of flour and with more damaged starch in the dough, it is possible that water is drawn away from the gluten matrix by the starch granules. This was further supported by the findings of Lu and Grant (1999) which showed that the amount of freezable water(the fraction of free water that does not bind to gluten during dough formation) in frozen dough increased with storage time in frozen conditions (Vania and Weibiao 2007) . Analysis of the protein structure of frozen-thawed dough shows a considerable increase in the number of lower molecular weight oligomers which presumably arise from depolymerization of glutenin. The changes are particularly noticeable after several freeze-thaw cycles (Kennedy, 2000) . The starch granules were damaged by the formation of large ice masses during recrystallization, further contributing to the decreased ability of the gluten to retain gas during proofing (Vania and Weibiao 2007). Zounis et al. (2002) , electron micrographs of unfrozen dough showed starch granules securely embedded in the gluten matrix. After 8 and 16 weeks of frozen storage, however, the frozen control dough without the gum additives clearly showed damage to the gluten network, and the starch granules appeared to be separated from the gluten. The addition of locust bean gum and gum arabic produced dough with better capability to retain the gluten network compared with the frozen control evaluated after different periods of storage. The SDSsoluble protein content increased while residue protein content decreased as the frozen storage time increased.
ULTRASOUND-ASSISTED FREEZING (UAF)
New techniques have been developed in food freezing, such as high-pressure food freezing (Fuchigami et al., 1998) , application of ice nucleation active bacteria (Widehem and Cochet, 2003) , biological freezing protein, Cell Alive System (CAS) technology, super chilling technology (Kaale et al., 2011) , and ultrasound-assisted food freezing (Zheng and Sun, 2006) . Presently, efforts, such as shortening the freezing period, increasing the freezing rate and maintaining temperature stability during freeze-storage, are being made to optimize important factors that diminish the influence of large ice crystals on food quality. The expansion pressures generated by the large ice crystals which are formed during food-freezing and freezing-storage processes may damage the food structure and lead to a deterioration in the structure of the frozen food (Song et al., 2013) .
Utilization of power ultrasound in food processing, preservation and extraction is a green novel technology (Chemat et al., 2011) . Ultrasound-assisted freezing (UAF) can improve the quality of frozen food without the need for additional additives, which is in line with the developing trend in the modern green food industry, and it could have promising applications in freezing of foods (Kianiet al., 2012; Song et al., 2013) . Power ultrasound, with high energy and low frequency in the kHz range, can exert ultrasonic cavitation, mechanical and thermal effects on chemical and structure make-up of the food, as well as cause a series of secondary effects, such as shock waves and micro-jets. Ultrasound cavitation can induce primary ice nucleation by the cavitation bubble collapses or movements, and promote secondary ice nucleation by breaking up the pre-existing dendritic ice crystals into smaller fragments to produce the smaller crystals with greater size uniformity (Kiani et al., 2011; Song et al., 2013) , so that the quality of frozen food can be improved during the UAF process. It has been reported that freezing under the ultra sound irradiation at 25 kHz frequency did less damage to potato cells and facilitated a better preservation of cell structure in comparison with traditional food-freezing techniques (Zheng and Sun, 2006; Song et al., 2013) .
HYDROCOLLOIDS USED IN FROZEN DOUGH
Different hydrocolloid combinations containing xanthan and pectin with amylase and sucrose have been used in order to improve dough and bread quality. The improved rheological characteristics can be achieved using complex formulations, which contain hydrocolloids combined with amylolytic enzymes, non amylolytic enzymes, and emulsifiers (Bolla´ın and Collar 2004; Dodic et al., 2007) . In the baking industry, hydrocolloids are of increasing importance as bread improvers asthey can induce structural changes in the main components of wheat flour systems along the bread making steps and bread storage. Hydrocolloids affect the baking performance of dough and also the shelf life of stored bread (Vania and Weibiao, 2007) . During freezing, frozen storage, and defrosting, The dough is exposed to stresses leading to loss of dough strength and viability of yeast, which result in reduction of quality of final product. Crystallization of free water is a natural phenomenon during freezing of foods, causing change in distribution of water phase, structure, and function of biochemical components. Crystallization and recrystallization of water cause physical damages of gluten net, resulting in change of rheological characteristics of dough that has been frozen (Sharadanant and Khan 2003; Dodic et al., 2007) . When hydrocluids used in small quantities (o1%w/w in flour) in dough, hydrocolloids are expected to increase water retention and loaf volume, as well as to decrease firmness and starch retrogradation. The addition of hydrocolloids into frozen products can provide stability during freeze-thaw cycles and help to minimize the negative effects of freezing and frozen storage on starch-based products (Liehr and Kulicke, 1996 Vania and Weibiao, 2007) . The negative effects of ; freezing and defrosting of dough, like damage of yeast cell membranes and poor dough and bread quality, can be reduced by incorporating hydrocolloids in dough. It is considered that hydrocolloids form hydrophilic complexes with gluten proteins, bind water, and decrease moisture migration in the dough (Ribotta et al., 2005) . The use of hydrophilic gums such as carboxy methyl cellulose (CMC), κ-carrageenan, gum arabic, and locust bean gum decreases the water retarding problem in dough during defrosting (Dodic et al., 2007) . Hydrocolloid also decreases water activity due to the competition for water by the hydrocolloids with the bread polymers like protein and starch. The overall effects on the functional performance of dough and the subsequent bread quality, however, depend on the nature, origin and particle size of the principal components, dosage of the hydrocolloids incorporated into dough, as well as the formulation, processing condition and other ingredients (Vania and Weibiao, 2007) .Hydrocolloids, like alginates, carrageenan, and gelatin, may be used to immobilize the amylases and yeast cells. The use of such immobilized components in formulations results in slower fermentation and better shelf life of finished product (Gugerli et al., 2004; Dodic et al., 2007) .
In bakery products, guar gum is used to improve mixing and recipe tolerance, to extend the shelf life of products through moisture retention and to prevent syneresis in frozen foods and pie fillings. In frozen dough, the addition of guar gum was found to be disadvantageous. It yielded a product with less desirable properties compared with control samples as it lowered the specific volume and porosity of bread, and produced a rubbery crust with low crust thickness (Mandala, 2005) . In contrast, Ribotta et al. (2001) and Ribotta et al. (2004) (Fig 2) found that the addition of guar gum in frozen dough produced bread with a higher volume, a more open crumb structure with higher percentage of gas cells than those prepared without it (Dodic et al., 2007) .
Xanthan gum induces cooking and cooling stability of wheat flour-based products and improves the freeze-thawstability of starch-thickened frozen foods. The addition of xanthan gum into a frozen dough formulation can strengthen the dough by forming a strong interaction with the flour proteins. It also increases water absorption and the ability of the dough to retain gas, increasing the specific volume of the final bread and the water activity of the crumb The increase in specific volume, as well as high porosity (open structure) and softer crust, however, are obtained only at low concentrations of xanthan gum (0.16% flour basis). Increased xanthan gum concentration resulted in a decrease in specific volume compared to that of the control samples (Dodic et al., 2007) . 
ICE NUCLEATION MATERIALS
The quality of bread made from frozen dough is influenced by dough formulation, as well as process parameters such as dough mixing time Vania and Weibiao, 2007) , freezing rate, storage duration, and thawing rate(Lu and Grant, 1999) These factors may either act independently or synergistically to reduce yeast activity which results in reduced carbondioxide (CO2) production or to damage the gluten network which in turn results in poor CO2 retention and poor baking performance (Lucas et al., 2005) . The inclusion of improvers in bread formulations may overcome these problems associated with frozen dough (Vania and Weibiao, 2007) .
Ice nucleation materials function as heterogeneous ice nucleators to minimize the super cooling of water. Extracellular ice nucleators (ECINs) from Erwinia herbicola revealeda protective effect on gel-forming capacity of fish by stabilizing fish actomyosin from freezing denaturation (Zhu and Lee, 2007; Shi et al., 2013) . Biogenic ice nucleators, such as extracellular ice nucleators (ECINs) isolated from Erwinia herbicola, are a group of lipoglyco proteins that have been demonstrated to minimize the super cooling by initiating ice nucleation at elevated subzero temperatures. Biogenic ice nucleators, such as extracellular ice nucleators (ECINs) isolated from Erwinia herbicola, are a group of lipoglyco proteins that have been demonstrated to minimize the super cooling by initiating ice nucleation at elevated subzero temperatures. Biogenic ice nucleators have not yet been approved for commercial use in food (Lagriffoul et al.,2010) . ECINs also revealed their protective function for frozen foods. Earlier, ECINs were demonstrated to protect quality of fish fillet by inhibiting denaturation of fish actomyosin during freeze/thaw cycles (Zhu and Lee, 2007; Shiet al., 2013) .
Ice nucleation proteins (INP) have been found in the leaves of plants such as winter rye anprunus, in animals such as turtles and lichens, and in some microorganisms such as some strains in the genera of Pseudomonas, Erwinia and Xanthomonas (Zachariassen and Kristiansen, 2000) .
In recent years, using biodegradable biopolymers and improving functionality are two emerging trends in the research on food packaging. The increased interest in using biopolymers is due to their abundant and renewable resources and their environmental friendly nature. A good example of a biopolymer is zein, a major storage protein in corn, and also the main co-product of the bio-fuel industry. Zein can conveniently form hydrophobic films and coatings that are suitable for making packaging for fatty foods and sandwiches (Andersson, 2008; Ke et al., 2013) . Furthermore, zein was made into functional food packaging bearing antimicrobial and antioxidant activities by incorporating lysozyme, albumin proteins, disodium EDTA and phenolic compounds into zein films (Arcan and Yemenicioglu, 2011) .
CONCLUSION
The use of frozen dough reduce labour and production costs while facilitating transportation, easier baking, as bread can be made available around the clock. However, the quality of bread prepared from frozen dough is often inferior to freshly baked breads. The specific volume of the final bread is reduced, the texture of the bread deteriorates, and starch retrogradation proceeds faster, causing an increase in bread firmness. The frozen storage time had a significant effect on the dough's hardness, DS springiness and viscoelasticity. To eliminate these problems associated with freezing and frozen storage of dough, several additives have been used to improve the baking quality and extend the shelf life of bakery products made from frozen dough. ECINs have a potential as a cryoprotectant for frozen bread dough. ECINs protected the yeast viability in suspension and in dough possibly by modulating the rate of phase transition to minimize damage caused by either super-fast freezing or slow freezing. The effects of ultrasound irradiation on the dough-freezing process, as well as the quality and micro structure of ultrasound-assisted frozen dough, were investigated.
